Abstract: Radiation-induced mucositis is a dose-limiting factor in the effective treatment of head and neck (H & N) cancers. The objective of this study was to understand the efficacy of honey in mitigating radiation-induced mucositis and whether it would interfere with tumor control. This was a single-blinded, randomized, controlled study and was carried out in patients with H & N cancer requiring curative radiotherapy (>62 Gy (Gray)). The patients meeting the inclusion criteria were randomly assigned to receive either honey (n = 25) or povidone-iodine (active comparator) (n = 25) during radiotherapy. Oral mucositis was assessed using the RTOG (Radiation Therapy Oncology Group) grading system before the start, during, and at the end of the treatment by an investigator unaware of the treatment. The results indicate that when compared with the active comparator, honey reduced the radiation-induced oral mucositis, decreased the incidence of intolerable mucositis, treatment breaks, loss of treatment days (p < 0.0001 and < 0.0003) and did not affect the radiation-induced tumor response. The clinical observations indicate that honey mitigates the radiation-induced mucositis and does not interfere with tumor cell killing.
Introduction
Mucositis is an unavoidable side effect observed in most cancer patients undergoing radiotherapy for head and neck cancers (H & N) [1] . Depending on the severity, oral mucositis is classified as tolerable (grade 1 and 2 mucositis) and intolerable mucositis (grade 3 or 4) [1] . In severe conditions, mucositis also contributes to local and systemic infections [1] . This will affect the treatment schedule, dose, and therapeutic outcome [1] . From a therapeutic perspective, there are no drugs for the avoidance/mitigation of radiation-induced mucositis and preventive procedures consist of symptom management and adherence to basic oral care to prevent infections and alleviate the mucosal symptoms [1] . In most hospitals colloidal silver solutions, salt and soda rinses, or hydrogen peroxide rinses are used [1] . In recent years, the recombinant human keratinocyte growth factor-1 (KGF-1) (palifermin) has also been reported to be useful in mitigating mucositis [1] . However, its exorbitant cost is a major deterrent from widespread use in developing countries [1] .
In the recent past, studies from around the world have shown that honey was effective at mitigating radiation-and chemotherapy-induced mucositis [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Met analyses have substantiated the observed beneficial effects [13] [14] [15] . Honey is arguably one of the world's oldest dietary agents with medicinal use, and scientific studies have shown it to possess wound healing, antimicrobial, analgesic, and anti-inflammatory effects in various experimental studies [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The present study was principally carried out to observe whether honey interfered with the radiation-induced tumor response while having a positive effect against oral mucositis.
Patients and Methods

Patient Population
The study was carried out with histopathologically confirmed H & N cancer patients requiring radiotherapy. Patients who had radical surgery prior to six weeks at the start of radiation treatment were also included. The exclusion criteria included patients younger than 18 years of age; women who were pregnant or lactating; patients on high doses of non-steroidal anti-inflammatory drugs; poor oral hygiene and xerostomia; and significant comorbidity such as poorly controlled diabetes mellitus, hypertension, schizophrenia, bipolar disorder, and severe depression. Patients who had had oral surgery less than six weeks previously, those who had had chemotherapy within the past six weeks, and those who had previously been treated with radiotherapy for H & N cancers were excluded from the study. The study was approved by the Hospital Ethics Committee (MIO/IEC/2010/12/05). Before the start of the study, patients and their caregivers were informed about the treatment schedule, the benefits, and the possible adverse effects of the study by a trained professional. They were also informed of their right to withdraw during the course of the study. The queries from both patients and caregivers were answered and written informed consent was obtained from the patients.
Study Design
This was a randomized, investigator-blinded clinical study conducted at Mangalore Institute of Oncology from January 2012 to June 2012. A sample size of 50 subjects was considered from previous studies [7, 11] . Before initiation of the study, the volunteers were examined for decayed teeth, ulcers, or lesions in the oral mucosa by an orodental physician. Of the eligible 56 patients, six did not meet the inclusion criteria on account of metabolic disease (four) or very poor oral hygiene (two). The remaining 50 volunteered to participate in the study. The randomization was performed using opaque envelopes by a staff member unaware of whether they were distributing the active comparator (povidone-iodine Group A) or the test group (honey Group B).
Radiation Treatment
The curative radiation treatment dose (62-70 Gy (Gray)) was planned as per the international guidelines [16] using the linear accelerator (Varian Medical Systems, Palo Alto, CA, USA). All patients received a fraction of 2 Gy, five consecutive days a week, for seven consecutive weeks). Some patients also received carboplatin infusion (70 mg/m 2 /day intravenously (IV)) prior to the scheduled radiation. The patients were provided with the standard oral, dental, medical, and supportive care [16] . A feeding tube was placed only when necessary. Routine screening was performed every other day for oral infections and antimicrobial agents were prescribed based on the culture sensitivity reports. The participants were informed to clean their teeth thrice a day (early morning, after lunch, and at night) using a soft toothbrush. Patients with spontaneous gum bleeds were provided with cleaning solutions. As all patients were in the hospital during the treatment period it was easy to monitor their adherence to diet, medications, practice of oral hygiene, and the interventional agents.
Study Mouthwashes
In this study, group A were assigned to povidone-iodine (Betadine 1 mL and 100 mL water), while those in group B were allocated to honey (Dabur India, New Delhi, India). The honey used in the study was of polyfloral origin. To avoid between-batch variation, both honey and povidone-iodine were purchased in a single lot and used for the study. The patients in the povidone-iodine group were asked to follow the schedule as per the protocol of Madan and co-workers [17] . The patients in the honey cohort were taught to apply honey three times a day (1 h prior to radiation, and 2 and 6 h after radiation). The patients were taught to swish the oral cavity and to eat at least 30 minutes after the honey treatment.
Outcome Measures
The assessment for the degree of mucositis was done first at the time of mold preparation and then on a weekly basis during the course of radiation treatment. The objective scoring was done by a senior orodental pathologist unaware of the intervention received by each patient. A regular torchlight was used to grade the degree of mucositis in the oral cavity, while a laryngoscope was used to assess the oropharyngeal areas. The grading was scaled from 0 to 4, depending on the severity of oral mucositis based on the The radiation therapy oncology group (RTOG) guidelines. Grades 0, 1, and 2 were "tolerable" and grades 3 and 4 were "intolerable" forms of mucositis, as described earlier [5] . The calibration of assessment was not required because the blinded researcher evaluated the patients throughout the study period [5] .
Treatment Response Evaluation after Treatment Completion
The response to radiotherapy was assessed during the first follow-up (i.e., four weeks after completion of treatment). The clinical assessment was done by a senior radiation oncologist in accordance to the guidelines prescribed by World Health Organization [18] . Degree of tumor volume shrinkage was considered an index of radio responsiveness. Patients with 100% regression of tumor at the primary site were considered complete responders (CR), whereas partial responders (PR) had a higher than 50% regression and non-responders (NR) had a lower than 50% regression [18] .
Statistical Analysis
Analysis of variance (ANOVA) was used to compare the extent of severe mucositis score on a weekly basis, testing the equality of proportion for the delay in incidence and the number of tolerable and intolerable mucositis, while the χ 2 test was used to compare the total incidence of worst-ever grades of ulceration, the number of treatment days lost due to intolerable mucositis, weight loss, and tumor response. A p value < 0.05 was considered significant.
Results
Clinical Study
The details on age, sex, location of cancer, stage of cancer, type of treatment used, dose, incidence of breaks, and loss of days due to mucositis for the two groups are listed in Tables 1 and 2 . The study population consisted of 13 women and 37 men, with ages ranging from 34 to 73 years (56.29 ± 10.3). The mean age for women was 49.92 ± 9.34 (range 36-67), while that for men were 58.31 ± 10.69 (range 34-73). One patient in the control group succumbed to the disease during the third week of the treatment (Figure 1) . The remaining 24 patients in the control group and 25 in the honey group continued with the planned treatment (Figure 1 ). Radiation exposure caused mucositis in both the cohorts, and the mean mucositis scores are represented on a weekly basis in Figure 2 . The onset of tolerable and intolerable mucositis was delayed in the patients using honey and was significant for week 2 (p < 0.0001) and 3 (p < 0.003). The early signs of radiation-mucositis were first seen at the end of first week after exposure to 10 Gy (5 fractions) in both the groups (Figure 2 ). At the end of the first week, 84% of the patients in the control and 24% in the honey group showed signs of grade 1 mucositis (p < 0.05). With continuation of the treatment, the incidence of grade 2 mucositis appeared only in the controls (32% (8/25) vs. 0% (0/25)) and was significant (p = 0.002) at week 2.The incidence of intolerable mucositis (only grade 3) were seen earlier and at the end of week 3 in controls (16% (4/24), p = 0.03) and reached a peak in both the groups at the end of week 7 (12/24 in controls vs. 8/25 in honey (p = 0.2)). There was no incidence of grade 4 mucositis in either group. Radiation exposure caused mucositis in both the cohorts, and the mean mucositis scores are represented on a weekly basis in Figure 2 . The onset of tolerable and intolerable mucositis was delayed in the patients using honey and was significant for week 2 (p < 0.0001) and 3 (p < 0.003). The early signs of radiation-mucositis were first seen at the end of first week after exposure to 10 Gy (5 fractions) in both the groups (Figure 2) . At the end of the first week, 84% of the patients in the control and 24% in the honey group showed signs of grade 1 mucositis (p < 0.05). With continuation of the treatment, the incidence of grade 2 mucositis appeared only in the controls (32% (8/25) vs. 0% (0/25)) and was significant (p = 0.002) at week 2. The incidence of intolerable mucositis (only grade 3) were seen earlier and at the end of week 3 in controls (16% (4/24), p = 0.03) and reached a peak in both the groups at the end of week 7 (12/24 in controls vs. 8/25 in honey (p = 0.2)). There was no incidence of grade 4 mucositis in either group. Radiation exposure caused mucositis in both the cohorts, and the mean mucositis scores are represented on a weekly basis in Figure 2 . The onset of tolerable and intolerable mucositis was delayed in the patients using honey and was significant for week 2 (p < 0.0001) and 3 (p < 0.003). The early signs of radiation-mucositis were first seen at the end of first week after exposure to 10 Gy (5 fractions) in both the groups (Figure 2) . At the end of the first week, 84% of the patients in the control and 24% in the honey group showed signs of grade 1 mucositis (p < 0.05). With continuation of the treatment, the incidence of grade 2 mucositis appeared only in the controls (32% (8/25) vs. 0% (0/25)) and was significant (p = 0.002) at week 2.The incidence of intolerable mucositis (only grade 3) were seen earlier and at the end of week 3 in controls (16% (4/24), p = 0.03) and reached a peak in both the groups at the end of week 7 (12/24 in controls vs. 8/25 in honey (p = 0.2)). There was no incidence of grade 4 mucositis in either group. With respect to the number of treatment days lost, of the 25 patients in the honey group, three (15%) experienced treatment interruption between the 4th and 5th week of radiation. The corresponding number for patients in the povidone-iodine group was five (20.83%), of whom two With respect to the number of treatment days lost, of the 25 patients in the honey group, three (15%) experienced treatment interruption between the 4th and 5th week of radiation. The corresponding number for patients in the povidone-iodine group was five (20.83%), of whom two needed a treatment break at an early stage before completion of 40 Gy (four weeks) and three after completing 40 Gy between the 5th and 7th weeks. The number of treatment days lost were 7.4 ± 0.08 and 6.33 ± 0.94 days, respectively, for the povidone-iodine and honey groups, and was not significant (Table 2) . Additionally, it was observed that when compared to the povidone-iodine (4.86 ± 1.73) group, the weight loss was less in the honey cohorts (2.77 ± 0.85) and was statistically significant (p < 0.001).
With respect to assessing the effect of honey on radiation-induced cell killing and tumor regression, the clinical analysis performed four to five weeks after the last fraction of radiation showed that there was no significant difference in the observed cases of the complete response (CR), partial response (PR), and no response (NR). Cumulative results indicated that in the control group 45.8% (11/24) of CR, 25% (6/24) of PR, and 29.2% (7/24) NR were observed, while in the honey-treated group it was 52% (13/25) of CR, 20% (5/25) of PR, and 28% (7/25) of NR and was not significant.
Discussion
From a clinical perspective, the resulting inflammation and ulceration seen in mucositis are very painful [1] . The denuded epithelium can also provide access to the oral microbial flora and the resulting infection aggravates the condition [1] . Additionally, exposure to fractionated doses of radiation compromises the wound healing process and this aggravates and complicates the situation [1] . In the present study honey was observed to be effective at mitigating radiation mucositis, which is in agreement to earlier reports [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The observed effects could be attributed to the honey's analgesic [9, 12] , antimicrobial [12] , and wound-healing effects [19, 20] .
At a cellular level, exposure to ionizing radiation causes the generation of free radicals (reactive oxygen species and reactive nitrogen species), DNA strand breaks, and activation of transcription factors (NF-κB) [1] . Additionally, the immune cells also produce pro-inflammatory cytokines (Tumor necrosis factor-α (TNF-α), IL-1, and IL-6), which aggravate tissue injury and cell death [1] . Honey has been shown to possess free radical scavenging effects in various experimental systems of study; this could have contributed to the observed protective effects, at least in part [19, 20] .
The most important observation of our study was that, while honey was effective in mitigating radiation-induced mucositis, it did not interfere with the treatment response in H & N cancer patients.
Conclusions
The results of this study indicate that honey mitigates radiation-induced mucositis and that the protective effect does not interfere with tumor cell killing. The cell culture details indicate that treatment with honey enhanced the radiation-induced cell killing. Further studies are planned to validate these observations with appropriate study models, controls, and end point assays.
